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(57) ABSTRACT

In a crawler belt coupling apparatus, a first crawler belt link
has a first through hole, and a first cutout in an inner circum-
ferential surface of a first through hole. A master pin is
inserted in the first through hole of the first crawler belt link,
and has a second cutout in an outer circumferential surface
thereof. A first recess is constructed of the first cutout and the
second cutout, and has an opening at an end portion of the first
through hole. A first knock pin is disposed such that one end
surface thereof faces the opening. A first snap ring has a
C-like shape, and is disposed to be separated from the one end
surface of the first knock pin with a space therebetween or
disposed in abutment with the one end surface.
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1
CRAWLER BELT COUPLING APPARATUS

TECHNICAL FIELD

The present invention relates to a crawler belt coupling
apparatus, in particular, a crawler belt coupling apparatus
including a master pin.

BACKGROUND ART

A hydraulic excavator, a bulldozer, and the like, each of
which includes a crawler belt, have been known as work
vehicles. The crawler belt includes a crawler belt link chain in
which a plurality of crawler belt links are coupled to one
another. When detaching/attaching the crawler belt from/to
the traveling apparatus, the crawler belt link chain is
decoupled. An exemplary technique of decoupling the
crawler belt link chain is to detach a master pin, which con-
nects crawler belt links to each other, from the crawler belt
link.

In this technique, when the master pin is pressed into the
crawler belt link with interference fit, a pressing machine is
required to detach/attach the master pin from/to the crawler
belt link. Thus, such a pressing machine is required to detach/
attach the crawler belt from/to the traveling apparatus in a
work site. This results in poor workability in attaching/de-
taching the crawler belt in the work site.

For example, Japanese Utility Model Laying-Open No.
64-1078 (Patent Document 1) proposes an apparatus permit-
ting detachment/attachment of a master pin from/to a crawler
belt link and including a retaining pin to prevent the master
pin from coming off from the crawler belt link. In this struc-
ture, the retaining pin is withdrawn/inserted to detach/attach
the master pin from/to the crawler belt link without using a
pressing machine.

In addition, in this apparatus, a brim is provided at one end
of'the master pin and the retaining pin is inserted into the other
end thereof. Further, the crawler belt link is provided with a
locking boss, which is engaged with the brim of the master
pin. With the engagement between the brim of the master pin
and the locking boss of the crawler belt link, the master pin
can be suppressed from being turned according to the crawler
belt link.

CITATION LIST
Patent Document
PTD 1: Japanese Utility Model Laying-Open No. 64-1078
SUMMARY OF INVENTION
Technical Problem

When the crawler belt of the apparatus described in the
above-described publication is used, the corner portion of the
brim of the master pin is brought into contact with the locking
boss of the crawler belt link, with the result that the locking
boss is worn out. This provides a large space between the
locking boss of the crawler belt and the brim of the master pin.
Accordingly, the master pin is turned according to the crawler
belt link. Moreover, the master pin is likely to come oftf from
the crawler belt link.

The present invention has been made in view of the fore-
going problem, and has an object to provide a crawler belt
coupling apparatus capable of improving workability in
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2

detaching/attaching a crawler belt and capable of avoiding the
master pin from falling off from the crawler belt link.

Solution to Problem

A crawler belt coupling apparatus of the present invention
is a crawler belt coupling apparatus for providing an endless
crawler belt by coupling a belt-like crawler belt having a
series of crawler belt links. This apparatus includes a first
crawler belt link, a master pin, a first knock pin, a first recess,
and a first snap ring. The first crawler belt link has a first
through hole and a first cutout in an inner circumferential
surface of the first through hole. The master pin is inserted in
the first through hole of the first crawler belt link and has an
second cutout in an outer circumferential surface thereof. The
first recess is constructed of the first and second cutouts and
has an opening at an end portion of the first through hole. The
first knock pin is disposed such that one end surface thereof
faces the opening. The first snap ring has a C-like shape and
is disposed to be separated from the one end surface of the first
knock pin with a space therebetween or disposed in abutment
with the one end surface.

According to the crawler belt coupling apparatus of the
present invention, the first snap ring has the C-like shape, so
that the first snap ring can be readily detached/attached from/
to the master pin. By detaching/attaching the first snap ring,
the master pin can be detached/attached from/to the first
crawler belt link. Accordingly, the master pin can be
detached/attached from/to the first crawler belt link without
using a pressing machine. In this way, workability can be
improved in detaching/attaching the crawler belt.

Further, the first knock pin is disposed in the first recess
constructed of the first cutout of the first crawler belt link and
the second cutout of the master pin. Accordingly, the master
pin can be prevented from rotating relative to the crawler belt
link, thereby suppressing the master pin from falling off from
the first crawler belt link. Further, the first knock pin has one
end surface disposed to face the opening of the first through
hole, thereby facilitating an operation of inserting/withdraw-
ing the knock pin.

Further, the first snap ring is fixed to sandwich the first
knock pin between the first snap ring and the bottom portion
of the first recess. In this way, the first snap ring can prevent
the first knock pin from coming off from the first recess. In
this way, the first knock pin can be prevented from coming off
and the master pin can be prevented from falling off from the
first crawler belt link.

Further, a first circumferential groove is provided in the
outer circumferential surface of the master pin, and the first
snap ring is fitted in the first circumferential groove.

According to the crawler belt coupling apparatus of the
present invention, the first snap ring can be securely fixed at a
predetermined location, so that the master pin can be pre-
vented from falling off.

Further, the master pin is engaged with the first through
hole of the first crawler belt link through intermediate fit.

According to the crawler belt coupling apparatus of the
present invention, the master pin can be detached/attached
from/to the first crawler belt link without using the pressing
machine.

The crawler belt coupling apparatus includes a second
crawler belt link forming a pair with the first crawler belt link,
a second knock pin, and a second snap ring. The second
crawler belt link has a second through hole into which the
master pin is inserted, and has a third cutout in an inner
surface of the second through hole. The first crawler belt link
is disposed at one end side of the master pin and the second
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crawler belt link is disposed at the other end side of the master
pin. The master pin has a fourth cutout and a second circum-
ferential groove in the outer circumferential surface. The
second knock pin is disposed in a second recess that is con-
structed of the third and fourth cutouts and that has an opening
at an end portion of the second through hole, the second
knock pin being disposed such that the other end surface
thereof faces the opening. The second snap ring has a C-like
shape and is disposed to be separated from the other end
surface of the second knock pin with a space therebetween or
disposed in abutment with the other end surface.

According to the crawler belt coupling apparatus, the first
crawler belt link is disposed at one end of the master pin and
the second crawler belt link is disposed at the other end of the
master pin. By detaching/attaching the second snap ring, the
master pin can be detached/attached from/to the second
crawler belt link. Accordingly, the second knock pin can be
detached/attached from/to the second crawler belt link with-
out using a pressing machine. Hence, workability can be
improved in detaching/attaching the crawler belt from/to both
the first and second crawler belt links.

Further, the second knock pin is disposed in the second
recess constructed of the third cutout of the second crawler
belt link and the fourth cutout of the master pin. Accordingly,
the master pin can be prevented from rotating relative to the
second crawler belt link, thereby suppressing the master pin
from falling off from the second crawler belt link.

Further, the second snap ring is disposed to be separated
from the other end surface of the second knock pin with a
space therebetween, or is disposed in abutment with the other
end surface of the second knock pin. In this way, the second
snap ring prevents the second knock pin from coming off
from the second recess. Accordingly, the second knock pin
can be prevented from coming off and the master pin can be
prevented from falling off from the second crawler belt link.

The first crawler belt link of the crawler belt coupling
apparatus includes a first through hole at its one end side and
a third through hole at the other end side in the longitudinal
direction. The first recess is provided at a site closest to the
third through hole of the first through hole. This suppresses
cracks from being generated due to the stress around the first
recess.

In the crawler belt coupling apparatus, the first knock pin
has a uniform shape in cross section perpendicular to the
direction of axis from one end to the other end thereof in the
direction of axis. Accordingly, the first knock pin can be
uniformly in contact with the first recess in the direction of
axis. This leads to suppression of wear of the first recess.

In the crawler belt coupling apparatus, the first knock pin
has a cylindrical shape. The cylindrical shape allows for sur-
face contact with the first recess. This leads to suppression of
wear of the first recess.

Advantageous Effects of Invention

As described above, according to the present invention,
workability can be improved in detaching/attaching the
crawler belt and the master pin can be avoided from falling off
from the crawler belt link.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a perspective view schematically showing a con-
figuration of a work vehicle in one embodiment of the present
invention.
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FIG. 2is a side view schematically showing a configuration
of a lower traveling unit of the work vehicle in one embodi-
ment of the present invention.

FIG. 3 is an enlarged view showing a crawler belt in a P1
portion in FIG. 2.

FIG. 4 is an enlarged view around a master pin in FIG. 3.

FIG. 5 is a partial cross sectional view taken along a line
V-V of FIG. 3.

FIG. 6 is a cross sectional view taken along a line VI-VI of
FIG. 5.

FIG. 71is an enlarged view showing first and second crawler
belt links and the like in a P2 portion in FIG. 5.

FIG. 8 is an enlarged view showing a major portion of FIG.
7 except the snap ring.

FIG. 9 is a schematic perspective view of a first knock pin
in one embodiment of the present invention.

FIG. 10 shows a state in which the crawler belt coupling
apparatus is decoupled in one embodiment of the present
invention.

FIG. 11 is a cross sectional view showing a crawler belt
coupling apparatus in another embodiment of the present
invention.

FIG. 12 is an enlarged view showing a major portion of
FIG. 11 except the snap ring.

DESCRIPTION OF EMBODIMENTS

The following describes an embodiment of the present
invention based on figures.

Described first is a configuration of a vehicle in one
embodiment of the present invention. In the description
below, a hydraulic excavator will be described as one exem-
plary vehicle to which a concept of the present invention can
be applied. However, the present invention can be also
applied to a track-laying vehicle other than the hydraulic
excavator, such as a bulldozer.

Referring to FIG. 1, work vehicle (hydraulic excavator) 1
mainly includes a lower traveling unit 2, an upper revolving
unit 3, and a work implement 4. Lower traveling unit 2 is
configured to be capable of traveling autonomously as
described below in detail. Upper revolving unit 3 is installed
rotatable about lower traveling unit 2. Work implement 4 is
pivotably arranged at the front side of upper revolving unit 3
to move up/down. This work implement 4 includes a boom,
an arm, a bucket, hydraulic cylinders, and the like, for
example.

Lower traveling unit 2 and upper revolving unit 3 mainly
form the work vehicle main body. Upper revolving unit 3
includes a cab 5 at the front left side (vehicle front side). At the
rear side (vehicle rear side), upper revolving unit 3 includes
an engine compartment 6 having an engine contained therein,
and a counter weight 7. Here, the front, rear, left, and right
sides of the vehicle are defined on the basis of the operator
who sits in cab 5.

Referring to FIG. 2, lower traveling unit 2 is configured
such that work vehicle (hydraulic excavator) 1 travels when a
pair of crawler belts 10 disposed at the left and right sides are
driven to rotate. Lower traveling unit 2 mainly includes
crawler belts 10, a revolving apparatus 11, track frames 12,
idler tumblers (idler rollers) 13, driving wheels (sprocket
wheels) 14, carrier rollers 15, and track rollers 16.

Each of crawler belts 10 includes a crawler belt link chain
20, and track shoe plates 30 attached to crawler belt link chain
20. Revolving apparatus 11 is configured to be capable of
revolving upper revolving unit 3 (FIG. 1), and is provided at
the upper end portion of lower traveling unit 2. Track frames
12 are provided at both the ends of a center frame serving as
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a mount for revolving apparatus 11, so as to extend in the
forward/backward direction of the vehicle.

Idler tumbler 13 is rotatably provided at the front end
portion of track frame 12, and driving wheel 14 is provided at
the rear end portion of track frame 12 so as to be driven and
rotatable. The plurality of carrier rollers 15 are provided at the
upper surface side of track frame 12, and the plurality of track
rollers 16 are provided at the lower surface side of track frame
12. Further, an access ladder 17 is attached to lower traveling
unit 2. It should be noted that access ladder 17 is not illus-
trated in FIG. 1.

Crawler belt 10 is wound around idler tumbler 13 and
driving wheel 14. Further, crawler belt 10 is supported by
carrier rollers 15 and track rollers 16 disposed between idler
tumbler 13 and driving wheel 14. When crawler belt link
chain 20 is engaged with driving wheel 14 and is driven, track
shoe plate 30 is driven to rotate. Accordingly, crawler belt 10
is driven to rotate. In this way, lower traveling unit 2 autono-
mously travels.

Referring to FIG. 3 to FIG. 8, crawler belt link chain 20 of
crawler belt 10 is constructed by coupling a plurality of
crawler belt links 20a into an endless shape. The plurality of
crawler belt links 20a have ground engaging surface (outer
surface) sides to which track shoe plates 30 are fixed. From
the outer surface side of each of track shoe plates 30, bolts 43
are inserted into through holes provided in track shoe plate 30
and crawler beltlink 20a. At the ground non-engaging surface
(inner surface) side of crawler belt link 20a, nuts 44 are
screwed onto the tip portions of bolts 43. By these bolts 43
and nuts 44, track shoe plate 30 is fixed to the outer end
surface of crawler belt link 20a.

One crawler belt link 204 in crawler belt link chain 20 has
first crawler belt link 21 and second crawler belt link 31
constituting a pair. First crawler belt link 21 and second
crawler belt link 31 are disposed in parallel with each other
with a space interposed therebetween in a direction (crawler
belt width direction) orthogonal to the coupling direction of
crawler belt link chain 20. Further, first crawler belt link 21
and second crawler belt link 31 are formed in bilateral sym-
metry.

The plurality of crawler belt links 20a are pivotably sup-
ported by crawler belt pins 34 and are accordingly rotatably
coupled to one another, thus forming crawler belt link chain
20 having a belt-like shape. Crawler belt links 20a disposed at
both the ends of crawler belt link chain 20 having such a
belt-like shape are coupled to each other using a pin desig-
nated as “master pin 227, thereby forming a chain having an
endless shape.

At one end side in the longitudinal direction, first crawler
belt link 21 of the present embodiment includes a first through
hole 21a and second crawler belt link 31 includes a second
through hole 31a. At the other end side, first crawler belt link
21 includes a third through hole 21¢ and second crawler belt
link 31 includes a fourth through hole 31¢. Master pin 22 is
installed between the one end portion of first crawler belt link
21 and the one end portion of second crawler belt link 31.
Both the end portions of master pin 22 are respectively fixed
into first and second through holes 21a, 31a. The one end
portion of each of first crawler belt link 21 and second crawler
beltlink 31 is disposed outwardly of one adjacent crawler belt
link 20a. Here, the term “outwardly” is intended to mean a
direction getting away in the width direction of the crawler
belt (upward/downward direction in FIG. 5) from the center
of the crawler belt in the width direction thereof.

A crawler belt bushing 41 is disposed between the one end
portion of first crawler belt link 21 and the one end portion of
second crawler belt link 31. Crawler belt bushing 41 is rotat-

10

15

20

25

30

35

40

45

50

55

60

65

6

ably fitted to master pin 22, externally. Crawler belt bushing
41 is fixed into third and fourth through holes 21¢, 31¢ of one
adjacent crawler belt link 20a. Accordingly, first crawler belt
link 21, second crawler belt link 31, and the one adjacent
crawler belt link 20q are rotatably coupled to one another via
crawler belt bushing 41.

Further, crawler belt bushing 41 is formed to be engaged
with teeth of driving wheel (sprocket wheel) 14. A seal ring 42
is disposed in a recess portion formed in the inner side surface
of crawler belt link 20a, in contact with the end surface of
crawler belt bushing 41.

Further, a crawler belt pin 34 is installed between the other
end portion of first crawler belt link 21 and the other end
portion of second crawler belt link 31. The other end portion
of each of first crawler belt link 21 and second crawler belt
link 31 is disposed inwardly of the other adjacent crawler belt
link 20q.

A crawler belt bushing 41 is disposed between the other
end portion of first crawler belt link 21 and the other end
portion of second crawler belt link 31. Crawler belt bushing
41 is rotatably fitted to crawler belt pin 34, externally. Crawler
belt bushing 41 is inserted and fixed into third through hole
21c of first crawler belt link 21 and fourth through hole 31¢ of
second crawler belt link 31. Accordingly, first crawler belt
link 21, second crawler belt link 31, and the other adjacent
crawler belt link 20q are rotatably coupled to one another via
crawler belt bushing 41.

It should be noted that the end portions of crawler belt pin
34 are press fitted into first and second through holes 214, 31a
of the other adjacent crawler belt link 20a, and are fixed
thereto firmly through interference fit. For example, crawler
belt pin 34 is press fitted into the other crawler belt link 20a at
160 kN (kilonewtons). On the other hand, in the crawler belt
coupling apparatus of the present embodiment, the end por-
tions of master pin 22 are press fitted into through hole 21a of
the first crawler belt link and through hole 31a of second
crawler belt link 31 with a force weaker than that for crawler
belt pin 34, and is engaged therewith through intermediate fit
rather than interference fit. Here, the term “intermediate fit” is
intended to mean such fit that the maximum limit of size of the
pin diameter of master pin 22 is larger than the minimum limit
of'size of the bore diameter of each of through holes 214, 31a
and the minimum limit of size of the pin diameter is smaller
than the maximum limit of size of the bore diameter. The
intermediate fit is also referred to as “transition fit”. In other
words, master pin 22 is fixed to such an extent that master pin
22 is made immovable by the fit between the outer circum-
ferential surface of the pin and the inner circumferential sur-
face of the through hole. For example, master pin 22 is press
fitted into first and second crawler belt links 21, 31 at 16 kN.

Referring to FIG. 5 and FIG. 8, the following describes a
crawler belt coupling apparatus of the present embodiment. A
crawler belt coupling apparatus is an apparatus provided at a
link of an end portion of crawler belt link chain 20 having the
belt-like shape with an end, so as to couple both the ends of
the link chain to each other and accordingly obtain crawler
belt link chain 20 having the endless shape. It should be noted
that the crawler belt coupling apparatus of the present
embodiment may be provided at at least one side of crawler
belt link 20q, and may be provided at both sides of crawler
belt link 20a.

The crawler belt coupling apparatus of the present embodi-
ment includes first crawler belt link 21, master pin 22, first
knock pin 25, and first snap ring 26.

First crawler belt link 21 has one end portion, the other end
portion, and an oblique body portion disposed between the
one end portion and the other end portion. First crawler belt



US 9,387,894 B2

7

link 21 has a first through hole 21a provided at the one end
portion. First crawler belt link 21 has a first cutout 215 in an
inner circumferential surface of first through hole 21a at an
external side thereof. First cutout 215 is formed at the end
portion of first crawler belt link 21 as shown in FIG. 8. First
cutout 2154 is in the form of a portion of a substantial cylinder
extending in a direction of axis A of master pin 22 as
described below.

Master pin 22 is a cylindrical component having a central
axis A and to be inserted into first through hole 21a of first
crawler belt link 21. Master pin 22 has a second cutout 225
and a first circumferential groove 22¢ in outer circumferential
surface 22a. Second cutout 224 is formed at the end portion of
master pin 22. Second cutout 225 is in the form of a portion of
the substantial cylinder extending in the direction of axis A
from the end surface of master pin 22.

From first cutout 215 and second cutout 225, first recess 24
is formed. First cutout 215 and second cutout 225 face each
other to form first recess 24. First recess 24 has an internal
space having a cylindrical shape. First recess 24 has a central
axis parallel to central axis A of master pin 22.

First knock pin 25 is disposed in first recess 24 such that
one end surface thereof faces the opening of the recess. In
other words, first knock pin 25 has a length shorter than the
depth of first recess 24. First knock pin 25 has an axis B along
the direction of axis A of master pin 22. Axis B corresponds to
the central axis of first recess 24. In other words, first knock
pin 25 is withdrawn/inserted in the same direction as the
direction in which master pin 22 is withdrawn/inserted. First
knock pin 25 is intermediate-fitted to first recess 24. In this
way, first knock pin 25 is pressed against the inner circum-
ferential surface of first recess 24 and is therefore less likely
to come off from first recess 24. Further, first knock pin 25 is
continuously in contact with first recess 24 at its outer cir-
cumferential surface in the circumferential direction. Further,
first knock pin 25 is in contact with first recess 24 at its entire
outer circumferential surface. Meanwhile, first snap ring 26
described below prevents knock pin 25 from coming off from
first recess 24. Hence, the fit between first knock pin 25 and
first recess 24 may be loose fit. In this case, by detaching first
snap ring 26, first knock pin 25 can be readily detached from
first recess 24.

First knock pin 25 is preferably disposed at the crawler belt
pin 34 side of first through hole 21a engaging the other end
portion of first crawler belt link 21. In other words, first cutout
215 is preferably disposed in first through hole 214 at a site
closest to the through hole of the other end in first crawler belt
link 21. First crawler belt link 21 is formed to extend from one
end portion provided with first through hole 214 to the other
end portion provided with crawler belt pin 34. In this shape,
the thickness of the crawler belt pin 34 side relative to first
through hole 21a is thicker than that of the side opposite to
crawler belt pin 34. Therefore, when first cutout 215 for first
knock pin 25 is provided at the crawler belt pin 34 side of link
21, stress acting on first crawler belt link 21 is not relatively
large. Due to the above-described reason, cutout 215 is pref-
erably provided at the crawler belt pin 34 side of crawler belt
link 21, i.e., at a site closest to the other through hole in
crawler belt link 21.

Referring to FIG. 9, first knock pin 25 has a cylindrical
shape having central axis B. Further, first knock pin 25 has a
uniform shape in cross section perpendicular to the direction
of axis from one end to the other end thereof in the direction
of axis B. First knock pin 25 has a height larger than the
diameter thereof. In other words, the longitudinal direction of
first knock pin 25 corresponds to the direction of axis B. In the
crawler belt coupling apparatus of the present invention, the
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shape of knock pin 25 is not limited to the cylindrical shape.
In this case, cutout 215 of crawler belt link 21 and cutout b of
master pin 22 are provided to have shapes corresponding to
the shape of knock pin 25. For example, knock pin 25 may
have a shape of truncated cone.

Referring to FIG. 3 to FIG. 8, first snap ring 26 has a C-like
shape. First snap ring 26 is annular and has a portion provided
with a cutout. By widening this cutout, the diameter of first
snap ring 26 can be larger. First snap ring 26 is fitted into first
circumferential groove 22¢ so as to overlap with the direction
of' withdraw of first knock pin 25 from first recess 24. In other
words, as shown in FIG. 4, when the crawler belt coupling
apparatus is viewed outwardly of crawler belt link 21, first
snap ring 26 overlaps with first knock pin 25. Namely, first
snap ring 26 prevents first knock pin 25 from coming off from
first recess 24. In the present embodiment, first snap ring 26 is
separated from the one end surface of first knock pin 25 with
a space interposed therebetween, but they may be in contact
with each other. One or more snap rings 26 may be provided.
In the present embodiment, two snap rings 26 are arranged
side by side and are fitted into first circumferential groove
22c.

Further, the crawler belt coupling apparatus of the present
embodiment may include a second crawler belt link 31, a
second knock pin 32, and a second snap ring 33 as indicated
by the crawler belt link at the left side of FIG. 7. First crawler
belt link 21 is disposed at one end side of master pin 22, and
second crawler belt link 31 is disposed at the other end side of
master pin 22.

Second crawler belt link 31 has one end portion, the other
end portion, and an oblique body portion disposed between
the one end portion and the other end portion. Second crawler
belt link 31 has a second through hole 314 provided at the one
end portion. Master pin 22 is inserted into second through
hole 31a. Second crawler belt link 31 has a third cutout 315 at
an inner surface of second through hole 31a. Third cutout 315
is formed at the end portion of second crawler belt link 31.
Third cutout 315 is formed to extend in the direction of axis of
master pin 22.

Master pin 22 has a fourth cutout 224 and a second circum-
ferential groove 22e¢ in outer circumferential surface 22a.
Fourth cutout 224 is formed at the end portion of master pin
22. Fourth cutout 224 is formed to extend in the direction of
axis from the end surface of master pin 22.

From third cutout 315 and fourth cutout 224, second recess
27 is formed. Third cutout 315 and fourth cutout 224 face
each other to form second recess 27. Second recess 27 pref-
erably has an internal space having a cylindrical shape.

Second knock pin 32 is disposed in second recess 27.
Second knock pin 32 has an axis along the direction of axis of
master pin 22. Second knock pin 32 is preferably intermedi-
ate-fitted to second recess 27. In this way, second knock pin
32 is pressed against the inner circumferential surface of
second recess 27 and is therefore less likely to come off from
second recess 27. Further, second knock pin 32 is preferably
continuously in contact with second recess 27 at its outer
circumferential surface in the circumferential direction. Fur-
ther, second knock pin 32 is preferably in contact with second
recess 24 at its entire outer circumferential surface.

Second snap ring 33 has a C-like shape. Second snap ring
33 is annular and has a portion provided with a cutout. By
widening this cutout, the diameter of second snap ring 33 can
be larger. Second snap ring 33 is fitted into second circum-
ferential groove 22e so as to sandwich second knock pin 32
between second snap ring 33 and bottom portion 27a of
second recess 27. Second snap ring 33 is disposed relative to
second crawler belt link 31 in the direction along the direction
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of axis of the master pin. Second snap ring 33 is preferably in
contact with second knock pin 32. One or more second snap
rings 33 may be provided. In the present embodiment, two
second snap rings 33 are arranged side by side and are fitted
into second circumferential groove 22e.

The following describes a manner of decoupling of the
crawler belt coupling apparatus of the present embodiment.

Referring to FIG. 5 and FIG. 10, the decoupling of the
crawler belt coupling apparatus of the present embodiment is
attained by removing master pin 22 from first crawler belt link
21, second crawler belt link 31, and the one crawler belt link
20a adjacent to first crawler belt link 21 and second crawler
belt link 31.

Master pin 22 is removed in the following procedure. First,
by widening the C-like shape of each of the cutouts of first
snap ring 26 and second snap ring 33, first snap ring 26 is
detached from first circumferential groove 22¢ and second
snap ring 33 is detached from second circumferential groove
22e. Next, by pulling out first snap ring 26 and second snap
ring 33 from the end portion of master pin 22, first snap ring
26 and second snap ring 33 are removed from master pin 22.

Next, first knock pin 25 is removed from first recess 24 and
second knock pin 32 is removed from second recess 27. In this
state, master pin 22 is pulled out to either of first crawler belt
link 21 and second crawler belt link 31. In this way, the
decoupling of the crawler belt coupling apparatus is attained.

Re-coupling of the crawler belt coupling apparatus can be
attained in a procedure reverse to the above-described proce-
dure. In other words, in the crawler belt coupling apparatus of
the present embodiment, by detaching/attaching first knock
pin 25, first snap ring 26, second knock pin 32, and second
snap ring 33, master pin 22 can be detached/attached from/to
first crawler belt link 21 and second crawler belt link 31. Thus,
coupling and decoupling of crawler belt 10 can be performed
without using a pressing machine, thereby achieving
improved workability in detaching/attaching crawler belt 10.

It should be noted that by removing either first knock pin 25
and first snap ring 26 or second knock pin 32 and second snap
ring 33, master pin 22 can be pulled out, so that the decou-
pling may be performed by removing either of them.

In the above-described embodiment, first circumferential
groove 22¢ is provided in the outer circumference of master
pin 22 for locking of the snap rings, but may be provided in the
inner circumferential surface of through hole 21a of first
crawler belt link 21 as shown in FIG. 11 and FIG. 12 (first
circumferential groove 21d). In this embodiment, no circum-
ferential groove, which might cause concentration of stress, is
in the outer circumference of master pin 22. This results in
excellent reliability of master pin 22. Further, second circum-
ferential groove 314 may be provided in the inner circumfer-
ential surface of second through hole 31a of second crawler
belt link 31.

The following describes function and effect of the crawler
belt coupling apparatus of the present embodiment.

According to the crawler belt coupling apparatus of the
present embodiment, first snap ring 26 has the C-like shape,
so that first snap ring 26 can be readily detached/attached
from/to master pin 22 or first crawler belt link 21. Further,
master pin 22 is not fixed to first crawler belt link 21 by
interference fit unlike an ordinary crawler belt pin. Hence, by
detaching/attaching first snap ring 26, master pin 22 can be
relatively readily detached/attached from/to first crawler belt
link 21. Accordingly, master pin 22 can be detached/attached
from/to first crawler belt link 21 without using a pressing
machine. In this way, workability can be improved in detach-
ing/attaching crawler belt 10.
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Further, first knock pin 25 is disposed in first recess 24
constructed of first cutout 215 of first crawler belt link 21 and
second cutout 225 of master pin 22. Accordingly, first knock
pin 25 can be in surface contact with first cutout 215 and
second cutout 225 in first recess 24. Hence, the fit of master
pin 22 is intermediate fit but master pin 22 is fixed so as not to
rotate relative to first crawler belt link 21. Further, first knock
pin 25 can be suppressed from being brought into contact with
one of first cutout 215 and second cutout 225. This leads to
suppression of wear of first recess 24. Accordingly, a space
can be suppressed from being formed between first knock pin
25 and each of first and second cutouts 215, 224, thereby
suppressing master pin 22 from falling off from first crawler
belt link 21.

Further, first snap ring 26 is provided at a location to
prevent first knock pin 25 from getting out of first recess 24.
In this way, first snap ring 26 can prevent first knock pin 25
from coming off from first recess 24. This prevents first knock
pin 25 from coming off and prevents master pin 22 from
rotating relative to first crawler belt link 21.

Further, according to the crawler belt coupling apparatus of
the present embodiment, first circumferential groove 22¢ is
provided in outer circumferential surface 22a of master pin
22, and first snap ring 26 is fitted into first circumferential
groove 22¢. Alternatively, circumferential groove 21d is pro-
vided in the inner circumferential surface of through hole 21a
of crawler belt link 21, and snap ring 26 is fitted into circum-
ferential groove 22¢. Accordingly, first snap ring 26 can be
securely fixed at a predetermined location, so that master pin
22 can be prevented from falling off.

Further, according to the crawler belt coupling apparatus of
the present embodiment, master pin 22 is engaged with first
through hole 214 of first crawler belt link 21 through inter-
mediate fit. Accordingly, master pin 22 can be detached/
attached from/to first crawler belt link 21 without using a
pressing machine.

Further, according to the crawler belt coupling apparatus of
the present embodiment, first crawler belt link 21 is disposed
at one end of master pin 22 and second crawler belt link 31 is
disposed at the other end of master pin 22. By detaching/
attaching second snap ring 33, master pin 22 can be detached/
attached from/to second crawler belt link 31. Accordingly,
second knock pin 32 can be detached/attached from/to second
crawler belt link 31 without using a pressing machine. Hence,
workability can be improved in detaching/attaching crawler
belt 10 at both first crawler belt link 21 and second crawler
belt link 31.

Further, second knock pin 32 is disposed in second recess
27 constructed of third cutout 315 of second crawler belt link
31 and fourth cutout 224 of master pin 22. Accordingly,
second knock pin 32 can be in surface contact with third
cutout 315 and fourth cutout 224 in second recess 27. Hence,
the fit of master pin 22 is intermediate fit but master pin 22 is
fixed so as not to rotate relative to second crawler belt link 31.
Further, second knock pin 32 can be suppressed from being
brought into contact with one of third cutout 315 and fourth
cutout 224. This leads to suppression of wear of second recess
27. Accordingly, a space can be suppressed from being
formed between second knock pin 32 and each of third and
fourth cutouts 315, 224, thereby suppressing master pin 22
from falling off from second crawler belt link 31.

Further, second snap ring 33 is fitted in a path via which
second knock pin 32 is withdrawn from the second recess. In
this way, second snap ring 33 prevents second knock pin 32
from coming off from second recess 27. Accordingly, second
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knock pin 32 can be prevented from coming off and master
pin 22 can be prevented from rotating relative to second
crawler belt link 31.

In the crawler belt coupling apparatus of the present
embodiment, first knock pin 25 is disposed at the crawler belt
pin 34 side of first through hole 21a (i.e., side closer to the
through hole other than first through hole 21¢ in first crawler
belt link 21a). At the crawler belt pin 34 side of first through
hole 21a, stress acting on first crawler belt link 21 is smaller
than that at the side opposite to crawler belt pin 34. Accord-
ingly, by disposing first knock pin 25 atthe crawler belt pin 34
side of first through hole 214, cracks can be suppressed from
being generated around first knock pin 25 due to stress.

In the crawler belt coupling apparatus of the present
embodiment, first knock pin 25 has a uniform shape in cross
section perpendicular to the direction of axis from one end to
the other end thereof'in the direction of axis. Accordingly, first
knock pin 25 can be uniformly in contact with first recess 24
in the direction of axis. This leads to suppression of wear of
first recess 24.

In the crawler belt coupling apparatus of the present
embodiment, first knock pin 25 has a cylindrical shape. The
cylindrical shape allows for surface contact with first recess
24. This leads to suppression of wear of first recess 24.

The embodiments disclosed herein are illustrative and non-
restrictive in any respect. The scope of the present invention is
defined by the terms of the claims, rather than the embodi-
ments described above, and is intended to include any modi-
fications within the scope and meaning equivalent to the
terms of the claims.

INDUSTRIAL APPLICABILITY

The present invention can be particularly advantageously
applied to a crawler belt coupling apparatus including a mas-
ter pin.

REFERENCE SIGNS LIST

1: work vehicle; 2: lower traveling unit; 3: upper revolving
unit; 4: work implement; 5: cab; 6: engine compartment; 7:
counter weight; 10: crawler belt; 11: revolving apparatus; 12:
track frame; 13: idler tumbler; 14: driving wheel; 15: carrier
roller; 16: track roller; 17: access ladder; 20: crawler belt link
chain; 20a: crawler belt link; 21: first crawler belt link; 21a:
first through hole; 215: first cutout; 21¢: third through hole;
21d: first circumferential groove; 22: master pin; 22a: outer
circumferential surface; 224: second cutout; 22¢: first cir-
cumferential groove; 224: fourth cutout; 22e: second circum-
ferential groove; 24: first recess; 24a, 27a: bottom portion;
25: first knock pin; 26: first snap ring; 27: second recess; 30:
track shoe plate; 31: second crawler belt link; 31a: second
through hole; 315: third cutout; 31¢: fourth through hole; 32:
second knock pin; 33: second snap ring; 34: crawler belt pin;
41: crawler belt bushing; 42: seal ring; 43: bolt; 44: nut; A:
central axis of master pin; B: central axis of first knock pin.

The invention claimed is:

1. A crawler belt coupling apparatus for providing an end-
less crawler belt by coupling a belt-like crawler belt having a
series of crawler belt links, comprising:
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afirst crawler belt link having a first through hole and a first
cutout in an inner circumferential surface of said first
through hole;

a master pin inserted in said first through hole of said first
crawler belt link and having a second cutout in an outer
circumferential surface thereof;

a first recess constructed of said first and second cutouts
and having an opening at an end portion of said first
through hole;

a first knock pin disposed in said first recess such that one
end surface thereof faces said opening; and

a first snap ring having a C-like shape and disposed to be
separated from said one end surface of said first knock
pin with a space therebetween or disposed in abutment
with said one end surface,

wherein said master pin is engaged with said first through
hole through intermediate fit.

2. The crawler belt coupling apparatus according to claim

1, comprising a first circumferential groove provided in the
outer circumferential surface of said master pin, wherein
said first snap ring is provided in said first circumferential
groove.
3. The crawler belt coupling apparatus according to claim
2, comprising:

a second crawler belt link having a second through hole
into which said master pin is inserted, having a third
cutout in an inner circumferential surface of said second
through hole, and forming a pair with said first crawler
belt link, said first crawler belt link being disposed at one
end side of said master pin, said second crawler belt link
being disposed at the other end side of said master pin,
said master pin having a fourth cutout and a second
circumferential groove in said outer circumferential sur-
face;

a second knock pin disposed in a second recess that is
constructed of said third and fourth cutouts and that has
an opening at an end portion of said second through hole,
said second knock pin being disposed such that the other
end surface thereof faces said opening; and

a second snap ring having a C-like shape and disposed to be
separated from the other end surface of said second
knock pin with a space therebetween or disposed in
abutment with the other end surface.

4. The crawler belt coupling apparatus according to claim

1, wherein

said first through hole is disposed at one end side of said
first crawler belt link in a longitudinal direction,

a third through hole is disposed at the other end side of said
first crawler belt link in the longitudinal direction, and

said first recess is provided at a site closest to said third
through hole of said first through hole.

5. The crawler belt coupling apparatus according to claim

1, wherein said first knock pin has a uniform shape in cross
section perpendicular to the direction of axis from one end to
the other end thereof in the direction of axis.

6. The crawler belt coupling apparatus according to claim

1, wherein said first knock pin has a cylindrical shape.
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